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(54) Method for operating a cooling system for a fuel cell and cooling system for a fuel cell 



(57) The invention relates to a cooling circuit for a 
fuel cell system and a method for operating the cooling 
circuit, where prior to feeding a coolant to said cooling 
circuit a pre-conditioned coolant is prepared from a 
freshly prepared coolant, whereby the freshly prepared 



coolant is chemically passivated to form said pre-condi- 
tioned coolant. The coolant may be a mixture of alcohol 
and water (in particular glycol and water), and the freshly 
prepared coolant is circulating through a reactor cham- 
ber filled with a metal (e.g. aluminium) to form said pre- 
conditioned coolant. 
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Description 

[0001] The invention relates to a method for operating 
a cooling system for a fuel cell and a fuel cell system in 
accordance with the preamble of the independent 
claims. 

[0002] In fuel cell systems, e.g. such with a polymer 
electrolyte as ion exchange membrane, cooling of the 
fuel ceil requires a virtually non-conducting cooling me- 
dium. Highly purified water or, in order to avoid freezing 
problems, mixtures of water and an alcohol have been 
proposed for this purpose. 

[0003] The patent application JP A 07310070 consid- 
ers a water/glycol mixture as fuel cell system coolant. A 
reverse osmosis membrane and an ion exchange resin 
unit are included in the cooling subsystem for purifica- 
tion of the coolant. However, the purification procedure 
requires a large filter volume. In fuel cell systems for ve- 
hicular application, however, volume and weight of com- 
ponents are costly and restricted. 

[0004] The invention is based on the object of speci- 
fying a cooling circuit for a fuel cell system where the 
cooling circuit requires smaller filter volumes and a 
method for operating the same. 

[0005] This object is achieved in the case of a cooling 
circuit having the features of Claim 11 and in the case 
of a method having the features of Claim 1 . 
[0006] The invention allows to reduce the size of the 
filter needed to purify the coolant to be strongly reduced. 
The coolant applied is compatible to metals as alumin- 
ium and is less corrosive than regular water/alcohol mix- 
tures against metallic materials. It can be easily stored 
and refilled. 

[0007] Further advantages and refinements of the in- 
vention emerge from the rest of the claims and the de- 
scription. 

[0008] The invention can be advantageously used in 
vehicles where a fuel cell system is used to supply elec- 
tric energy for traction and/or low power requirements. 
[0009] Preferably, a water/alcohol mixture is used as 
coolant for a fuel cell system, e.g. The fuel cell stack, 
where the alcohol is a higher alcohol such as glycol. The 
coolant circulates in the stack cooling circuit and is fil- 
tered by a ion exchange filter unit arranged in the circuit 
to meet the electric insulation requirements for the cool- 
ant. The ion exchange filter unit may be equipped with 
a particle filter to remove particles from the coolants pri- 
or to entering the filter itself. 

[001 0] According to the invention a conditioning proc- 
ess is performed before the coolant is filled into the cool- 
ing circuit. In this conditioning process a freshly pre- 
pared water/alcohol mixture is brought into contact with 
a metal compartment. The freshly prepared mixture has 
been found to be highly reactive. Highly electrical con- 
ductive reaction products are formed until all reactive 
mixture components have reacted. These highly elec- 
trical conductive components have to be removed from 
the mixture. Therefore, during the conditioning process 



the coolant is filtered to remove these reaction compo- 
nents. Once the mixture shows the required purity, e.g. 
electric conductivity, the conditioning process has been 
successfully completed. 
5 [001 1 ] The required purity can be verified by reading 
appropriate sensors, e.g. a conductivity sensor. The 
pre-conditioned coolant can now be transferred to the 
cooling circuit. The pre-conditioned coolant can even be 
stored for considerable time in a storage tank before be- 
io ing transferred to the cooling circuit. 

[0012] The cooling circuit containing the pre-condi- 
tioned coolant requires a much smaller filter unit than 
for a coolant without conditioning process to maintain 
the required coolant electric conductivity. Oncethecool- 
15 ant is passivated the corrosion of metal components, e. 
g. aluminum, being in contact with the coolant in the 
cooling circuit is strongly reduced. Therefore the filter 
has to remove much less impurities. 
[0013] A preferred coolant is a water/glycol mixture. 
20 During the conditioning process the freshly mixed cool- 
ant is circulated through a reactor filled with bare metal- 
lic material, preferably aluminum material. It is found 
that especially in contact with aluminum material the wa- 
ter/glycol mixture forms reaction products such as gly- 
25 colic acid which is a highly electric conducting material. 
The formation of the highly conducting species stops as 
soon as all active water/glycol mixture compounds have 
reacted. The water/glycol mixture is filtered when circu- 
lating in the conditioning plant by a fairly large ion ex- 
30 change filter. As soon as the formation of highly electric 
conductive components has stopped as all active water/ 
glycol mixture have reacted, the electric conductivity of 
the water/glycol mixture starts to decrease until the re- 
quired purity of the mixture is achieved. Now the water/ 
35 glycol mixture is passive and electrically insulating as it 
is in its pre-conditioned state and can be transferred to 
the cooling circuit. Advantageously, the conditioning 
process is terminated if the electric conductivity of the 
coolant drops below a critical value. For fuel cell stack 
40 cooling a low conductivity is required which is well below 
10u.S/cm. 

[0014] Favourably only pre-conditioned coolant is 
used for the fiil-ups of the cooling circuit of the fuel cell. 
As for a preferred water/glycol coolant conditioned ac- 
^5 cording to the invention, the regular filter of roughly 20 
litre volume can be replaced by a filter with roughly 1 
litre volume. 

[0015] Besides the reduction of the filter volume ad- 
vantageously the weight of the cooling circuit including 

50 the filter unit is decreased. The fuel cell engine reliability 
is increased as no sudden electric conductivity increase 
occurs after a fresh glycol is added to the coolant. Ad- 
ditionally, the maintenance is facilitated as only a small 
filter unit has to be changed in case a filter change has 

55 to be performed. 

[0016] A suitable fuel cell system is a reformate sys- 
tem which comprises a fuel cell stack, a gas production 
system for producing hydrogen from a carbon hydrate 
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or a hydrogen compound, which hydrogen is fed into the 
anode side of the fuel cell stack, an oxygen section 
which oxygen is fed to the cathode side of the fuel cell 
stack and a fuel cell exhaust section, which fuel cell ex- 
haust is used to heat and/or cool components of the gas 
production system. Details of the fuel cell systems are 
well known to persons skilled in the art of fuel cell sys- 
tems. The pre-conditioned coolant can favourably be 
applied not only to the fuel cell stack but also to other 
cooling circuits in the fuel cell system. 
[0017] Another suitable fuel cell system is a system 
without reformate where the fuel is hydrogen of another 
medium which can be directly fed into the fuel cell stack. 
The pre-conditioned coolant can favourably be applied 
not only to the fuel cell stack but also to other cooling 
circuits in the fuel cell system. 



Claims 

1 . A method for operating a cooling circuit of a fuel cell 
system, the fuel cell system comprising a cooling 
circuit for cooling a fuel cell stack, a coolant circu- 
lating in said cooling circuit, a filter unit arranged in 
the cooling circuit for purifying said coolant, 
characterized in 

that prior to feeding said coolant to said cooling cir- 
cuit a pre-conditioned coolant is prepared from a 
freshly prepared coolant, whereby the freshly pre- 
pared coolant is chemically passivated to form said 
pre-conditioned coolant. 
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A method according to Claim 6, 
characterized in that said metal comprises alumi- 
num. 

A method according to Claim 6, 
characterized in that said reaction products are 
subsequently removed from the coolant while circu- 
lating through said reaction chamber. 

A method according to Claim 1 , 

characterized in that said coolant is a mixture of 

water and alcohol. 
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10. A method according to Claim 9, 
characterized in that said alcohol is glycol. 

11. A method according to Claim 1, 
characterized in that fill-up of coolant in the cool- 
ing circuit is performed by using said pre-condi- 
tioned coolant. 

1 2. A cooling system for a fuel cell system with a cooling 
circuit circulating a pre-conditioned coolant accord- 
ing to one of the Claims 1 -11 . 



2. A method according to Claim 1 , 

characterized in that reaction products formed in 
the coolant while being passivated are removed 
from the coolant. 
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3. A method according to Claim 1 , 

characterized in that the state of conditioning of 
the coolant is controlled by a sensor signal. 
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A method according to Claim 3, 
characterized in that the state of conditioning of 
the coolant is controlled by sensing the electric con- 
ductivity of the coolant. 
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5. A method according to Claim 4, 

characterized in that the conditioning process is 
terminated if the electric conductivity drops below a 
critical value. 
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A method according to Claim 2, 
characterized in that the freshly prepared coolant 
is circulating through a reactor chamber filled with 
a metal material thus forming the reaction product 
from active components of the coolant and the met- 
al material. 
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